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APPENDICES 
According to prevailing ecological theory one would expect the most 
stable vegetation on sites which are least disturbed (Odum 1971). According 
to theory one would also expect the most diversity of species on undisturbed 
sites (Odum 1971). This stable and diverse community would be produced over 
a period of many years through a process of plant succession where annual 
herbs are replaced by perennial herbs and finally woody plants would come to 
dominate and perpetuate the community. 
Another ecological theory holds that the complexity (structure and 
species diversity) of a plant community is dependent upon the amount of 
disturbance to which it is subjected (Woodwell, 1970). According to this 
theory the normal succession of a plant community through its various stages 
may be arrested at some point depending upon the nature and severity of the 
disturbance. 
In applying these theories to roadside vegetation it becomes apparent 
that mass herbicide spraying and extensive mowing of roadsides has produced a 
relatively simple and unstable vegetation. It follows that if disturbances 
were reduced not only would the roadside plant community increase in stability 
but maintenance costs and energy usage would be reduced. 
In this study we have investigated several aspects of reduced dis- 
turbances on roadside vegetation. Research has centered on the effectiveness 
l ~ h e  opinions, findings, and conclusions expressed in this publiea- 
tion are those of the authors and not necessarily those of Linn County nor the 
Iowa Department of Transportation, Highway Division. 
of spo t  spraying techniques on noxious weed con t ro l ,  establ ishment  of n a t i v e  
g r a s s  cover where d i t c h  c leaning  and o the r  d is turbance  has l e f t  t h e  bare  s o i l  
exposed and t h e  response of roads ide  vege ta t ion  when r e l eased  from annual 
mass spraying. 
STUDY AREA 
This  s tudy was c a r r i e d  out  i n  Frankl in  Township, Linn County, Iowa. 
Linn County is loca ted  i n  eas t - cen t r a l  Iowa and has a c l ima te  c l a s s i f i e d  a s  
a humid microthermal (Daf) according t o  Trewartha (1943). Linn County has 
a mean yea r ly  p r e c i p i t a t i o n  of about 84 cm (33 inches ) ,  wi th  approximately 
70% f a l l i n g  from Apr i l  through September. 
During t h e  period of t h e  s tudy p r e c i p i t a t i o n  was above normal a l l  
t h r e e  years .  A t  t h e  Cedar Rapids number 1 s t a t i o n ,  loca ted  approximately 
24.1 km (15 mi les)  WNW of t h e  cen te r  of Frankl in  Township, p r e c i p i t a t i o n  w a s  
17.88 cm (7.04 inches)  above normal i n  1971, 20.52 cm (8.08 inches)  above 
normal i n  1972 and 18.67 cm (7.35 inches)  above normal i n  1973. Temperatures 
dur ing  the  same period v a r i e d  from above t o  below normal. During 1971 t h e  
average temperature was 0.06 C (O.l°F) above normal, 1 ,17 C (2,1°F) below 
normal during 1972 and 0.89 C (1,6"F) above normal during 1973 (Climatological 
Data 1971,1972,1973). 
The s tudy was began i n  I971 and continued through 1972 and 1973. 
During these  yea r s  Frankl in  Township was exempted from t h e  usua l  mass-spray 
weed c o n t r o l  program i n  Linn County. Spot spraying of sou r  dock and Canada 
t h i s t l e ,  hand c u t t i n g  of wild parsn ip  and b i e n n i a l  t h i s t l e ,  and mowing of 
shoulders  of t h e  roadway were t h e  only vege ta t ion  management techniques 
used. 
Mass spray t reatment  provided o u t s i d e  Frankl in  Township during t h e  
period of t h e  s tudy was a s  follows: 
1971 -- 453.6 g ( 1  lb . )  2,4-D and 453.6 g ( 1  l b , )  2,4,5-T 
i n v e r t  emulsion a t  t h e  r a t e  of not  l e s s  than 7.57 
liters (2 ga l )  per  1 .61  km ( 1  mile) .  
1972 -- same mixture without  u s e  of i n v e r t  emulsion. 
1973 -- same mixture wi th  a d d i t i o n  of FOMEX.' 
DOCK 
Methods 
Study p l o t s  t o  determine e f f e c t s  of spo t  spraying on dock dens i ty  w e r e  
s e t  o u t  i n  1971 ( f i g u r e  1 ) .  Dock p l o t s  were on upland s i t e s ;  two t rea tment  
p l o t s  i n  Frankl in  township and two c o n t r o l  p l o t s  i n  Linn township, ad jacent  t o  
t h e  n o r t h  of Frankl in  township. P l o t s  were approximately 75,5 m (15 rods)  long 
and included t h e  e n t i r e  width of t h e  d i t ch .  Treated p l o t s  were sprayed wi th  
hand sp raye r s  us ing  a 2% s o l u t i o n  of a low-vola t i le  e s t e r  form of 2,4-D i n  
water ( f i g u r e  2). Treatment was done between 15 and 25 May f o r  t h r e e  yea r s .  
Control  p l o t s  received t h e  usua l  county-wide mass spraying i n  June of each year .  
Evaluat ion of m o r t a l i t y  was made 7 t o  14 days fol lowing treatment ,  
I n  1972 and 1973 two p l o t s ,  each 150.9 m (30 rods)  long and inc luding  
t h e  e n t i r e  d i t c h ,  were used t o  determine t h e  eff i .c iency of l o c a t i n g  and 
' co l lo ida l  Products Corp., P.O. Box 621, Petaluma, C a l i f o r n i a  94952 
Figure 1. Smooth dock. 
Figure 2. Hand spraying dock. 
t r e a t i ng  dock, and the  e f f e c t  of follow-up spraying t o  el iminate the  species.  
Seven t o  ten days a f t e r  the  f i r s t  spraying a second treatment w a s  made, noting 
the  number of p lants  k i l l e d  and the  number missed by the  f i r s t  spray. 
Results 
Density of dock p lan t s  i n  study p l o t s  decreased 49.3% while densi ty  
increased 5.7% i n  con t ro l  p lo t s  from 1971 t o  1973 ( f igure  3). Density 
decreased i n  both t rea ted  and control  p l o t s  from 1971 t o  1972 but s i gn i f i c an t  
d i f ferences  were evident i n  1973. 
I 
1971 1972 1973 
YEAR 
- Standard Error 
Figure 3. Number of Dock plants per plot. 
Follow-up spraying f o r  dock increased percent  k i l l .  I n  p l o t s  given 
a s i n g l e  t reatment  i n  1972 and 1973 dens i ty  decreased 29.4 f 0.85% whi le  
i n  p l o t s  given two t rea tments  dens i ty  decreased 58.9 t 1 2 . 5 %  (Table 1 ) .  
TABLE 1.--Number of Dock P l a n t s  per p l o t  using s i n g l e  and fo l low up 
t rea tments  
S ing le  Treatment Follow-up Treatment 
P l o t  
-
1972 1973 Change 1972 
- -
1973 
-
Change 
A 22 15  35 10 
B 33 23 28 15  
MEAN 27.5 1 9  -8.5 31.5 12.5 -19.0 
MEAN % CHANGE -29.4 $ 0 . 8 5 % ~  -58.9 *12.5%a 
"standard e r r o r  of t h e  mean 
Under t h e  condi t ions  and techniques used i n  t h i s  s tudy e f f i c i e n c y  of 
t reatment  decl ined as d e n s i t y  dec l ined .  During t h e  f i r s t  year  70% of t h e  p l a n t s  
were k i l l e d ,  about 60% were k i l l e d  t h e  second year  and 52% t h e  t h i r d  year .  
Discussion 
Sour dock and smooth dock appear t o  be q u i t e  easy t o  c o n t r o l  wi th  spot  
spraying techniques. Density of dock was s i g n i f i c a n t l y  reduced dur ing  t h e  t h r e e  
year  study. Eradica t ion  of dock may be more d i f f i c u l t  due t o  t h e  i n a b i l i t y  t o  
l o c a t e  a l l  p l a n t s  i n  a s i n g l e  opera t ion .  Percent  k i l l  decreased each year  of 
t h e  s tudy i n d i c a t i n g  t h a t  young p l a n t s ,  t oo  sma l l  t o  be  spo t t ed  i n  May, were 
flarnishing most of t h e  p l a n t s  f o r  t h e  next  year .  Only when t h e  residuum of 
seeds  i n  t h e  s o i l  w a s  reduced would e l imina t ion  of t h e  weed be  poss ib l e .  
A follow-up spray  does i n c r e a s e  k i l l  percentage cons iderably  and i f  
i t  could be  coupled with another operation might be feasible.  
Establishment of new plants  i s  most evident i n  areas  where the  
vegetation has been disturbed such a s  where di tches  have been cleaned, f i l l  
d i r t  removed, e tc .  Elimination of these s i t e s  or  control  by rapid revegeta- 
t ion  would grea t ly  reduce dock populations. 
WILD PAEGNIP 
Methods 
Effectiveness of 2,4-D spray and hand cu t t ing  of wild parsnip 
(figure 4)  was evaluated a t  two s i t e s .  P lo t s  5.03 m (one rod) long and the  
Figure 4. Wild parsnip. 
entire width of the ditch were laid out and counts of plants made. Buffer 
zones were located between spray and no spray treatments. At site 1 
pre-treatment counts and spray treatments were made on 26 May 1971. 
Herbicide concentration and application were the same as for dock. Post- 
treatment counts of plants were made on 30 May, 1972 and on one half of 
the plots on 6 June 1973. The remainder of the plots had been disturbed 
by mowing. 
On 30 May, 1972 another site (site 2) was set out in a similar 
manner with the addition of 5 plots which were hand cut. Spraying was done 
on 30 May, 1972 and cutting was done about 15 days later. Counts of plants 
were made on 6 June, 1973. 
Results 
Wild parsnip was quite susceptible to 2,4-D applied in lace May 
or early June. At site 1 in the spray plots the number of plants per 
plot was reduced 66.1% while density in the control plot decreased 11.8% 
(see Table 2). In the spray plots the second year after spraying (1973) 
the count increased 293% or 33% above the original count. In the control 
plot the increase from 1972 to 1973 was 107%, 82.7% above the original 
count. 
At site 2, one year after spraying or cutting treatments, the 
number of plants in control plots had decreased by 10.1%, decreased by 
20.4% in cutting treatments and decreased by 93.8% in spray treatments 
(see Table 3). 
TABLE 2.--Number of wild parsnip plants per plot at site 1 
Subplot 1971 1972 Change 1973 Change 
Sprayed 
A 51 20 -31 67 4- 47 
C 91 10 -81 114 +lo4 
E 100 4 -96 
G 
Mean 
Plots A and C only -56* 90.5 4- 75.5* 
Control 
B 69 28 -41 150 C122 
D 265 287 4-22 252 - 35 
F 56 18 -38 
H 
Mean 
Plots B and D only -9.511s 201 4- 43.531s 
* Significant change at P = 0,05 
= No significant change 
TABLE 3.--Number of wild parsnip plants per plot at site 2 
Control 
1972 
-
1973 
Mean 146 131.2 
CHANGE -14. 8nsa 
% CHANGE -10,1% 
Cut 
1972 
-
1973 
-
13 24 
17 32 
143 8 2 
179 122 
231 204 
116.6 92,8 
-23.8ns 
-20,4% 
= No significant change 
** Significant change at P = 0.01 
Discussion 
Population dens i t ies  of wild parsnip may f luc tua te  great ly  from 
year t o  year. However, r e s u l t s  show tha t  spraying with 2,4-D i n  l a t e  May 
or ear ly  June before plants had begun flowering was very e f fec t ive ,  and 
since the species i s  a biennial ,  control  extended through the next growing 
season. Because of a large residuum of seeds i n  the s o i l ,  control  was only 
temporary and the second year following treatment populations were as  dense 
a s  before treatment. Cutting the plants pr ior  to  seed maturity had no 
s ign i f ican t  change upon density the next year. Also, plants  cut off above 
even the lowest node (Leaf) usually produced secondary inflorescences from 
the ax i l s  of the  remaining leaves so that  seed production could not be 
prevented except by pers i s ten t  and careful  cutting. 
Control of seed production should be possible by spraying every 
other year ra ther  than annually. Under idea l  storage conditions Barton 
(1961) found wild parsnip seeds remained viable  f o r  a maximum of s i x  
years. After a few years of control  the seed reserves i n  the s o i l  
would be considerably diminished and if off-road seed sources were not 
available the plant could be eventually eliminated. 
In  addit ion t o  i ts  competitive a b i l i t y  wild parsnip is objectlon- 
able because of i ts  a b i l i t y  t o  produce skin rashes when leaves or plant 
sap comes i n  contact with the skin. 
CANADA THISTLE 
Methods 
Canada t h i s t l e  ( f igure  5) patches were located while t rea t ing  
dock plants  i n  mid- t o  l a t e  May i n  1971. Additional patches were discovered 
and marked during the  remainder of the  research project .  Patches were 
marked by tying p l a s t i c  tape on fence posts or u t i l i t y  poles adjacent t o  
the roadside di tch.  Each patch located was marked on a master map and 
assigned a number. Area of each patch was determined i n  l a t e  July of each 
year of the  project  by determining the  length of the patch and multiplying 
by the width of the  roadside ditch.  
Figure 5. Canada t h i s t l e  a f t e r  herbicide treatment. 
A l l  Canada t h i s t l e  pa tches  were t r e a t e d  with a low-volati.le e s t e r  
form of 2,4-D o r  ~ a n v e 1 . l  Durlng t h e  f i r s t  year  t reatment  w a s  w i th  2% s o l u t i o n  
of 2,4-D i n  water between 22 and 29 June 1971. I n  1972 0.0625% s o l u t i o n  of 
Banvel i n  water  was used on 6 a.nd 7 June. I n  1973 a 0.125% s o l u t i o n  of 
Banvel was sprayed on 29,30 and 3 1  May. A 200 g a l l o n  sprayer  equipped wi th  
a hand boom and developing 1.36 atmospheres of p re s su re  (20 PSI) was used. 
Seven treatment  p l o t s  and one c o n t r o l  p l o t  ( i n  ad jacent  Linn township) 
w e r e  l a i d  out  i n  Canada t h i s t l e  pa tches  t o  determine changes i n  p l an t  dens i ty ,  
Each p l o t  cons is ted  of 20 subp lo t s ,  each 20x50 cm (7.9 x 19.7 inches)  and 
loca ted  m (39.37 inches)  a p a r t  on a t r a n s e f t  l a i d  p a r a l l e l  wi th  th@ roadway 
a t  o r  near  t h e  lowest p a r t  of t h e  d i t c h .  Treatment p l o t s  were loca ted  i n  a11  
p a r t s  of t h e  township. The number of Canada t h i s t l e  p l a n t s  was recorded f o r  
each p l o t  during J u l y  of each year  o f t h e  s tudy,  
A number of pa tches  were t r e a t e d  with pramito12 o r  Tordon ~ e a d s ~  on 
June 5 and 6 ,  1973. Treatment r a t e s  were according t o  l a b e l  d i r e c t i o n s ,  Nine 
p l o t s  which had been previous ly  t r e a t e d  with Banvel were t r e a t e d  with Prami to l ,  
9 p l o t s  not  t r e a t e d  wi th  Banvel were t r e a t e d  wi th  Tordon Beads and 8 p l o t s  
previous ly  t r e a t e d  wi th  Banvel were t r e a t e d  with Tordon Bea.ds. Examination of 
t h e  p l o t s  f o r  regrowth was made on J u l y  24 and 25, 1973 and c a s u a l  obse r~ ra t ions  
were made i n  May, 1974. 
h a n u f a c t u r e d  by V e l s i c o l  Chemical Corp., 341 E. Ohio St,, Chicago, 
Ill. 60611 
'Manufactured by CIBA-Geigy Corp., Ardsley, N.Y, 10502 
3Manufactured by Dow Chemical Company, 6000 W. Touhy Avee,, Chicago, 
Ill. 60648 
Resu l t s  
T o t a l  a r e a  of Canada t h i s t l e  pa tches  loca ted  i n  t h e  township road- 
s i d e s  was 2.41 ha (5.95 ac res )  i n  1971, 3.27 ha (8.08 ac res )  i n  1972 and 
2.73 ha (6.74 a c r e s )  i n  1973. During t h e  summer of 1971, 74 pa tches  were 
loca ted .  I n  1972, 66 a d d i t i o n a l  patches were loca ted  and 34 more were 
loca ted  i n  1973. It i s  d i f f i c u l t  t o  e s t ima te  t h e  number of patches which 
became e s t a b l i s h e d  a f t e r  1971. Many were missed during t h e  f i r s t  year  
because they d i d  n o t  bloom o r  were not  observed f o r  o t h e r  reasons,  The 
mean pa tch  s i z e  was 325.4 m2 (3,503 f t 2 )  i n  1971. Mean a r e a s  of new patches  
loca ted  i n  1972 was 135.2 m2 (1,455 f t 2 )  and 113.6 m2 (1222.4 f t 2 )  f o r  new 
patches loca ted  i n  1973. This t rend  toward smal le r  s i z e  i n d i c a t e s  t h a t  some 
new establ ishment  was probably tak ing  p l a c e  al though smaller  patches would 
a l s o  be more l i k e l y  t o  be overlooked. 
A s tudy of t r ends  i n  patch s i z e  of 70 pa tches  loca ted  i n  1971 w a s  
made. Of l a r g e  patches,  those l a r g e r  than  t h e  mean, 18 decreased i n  s i z e  
while  3 increased.  For patches less than  t h e  mean, 22 decreased i n  s i z e  
and 27 increased.  Of t h e  l a t t e r  pa tches  inc reas ing  i n  s i z e ,  17 of 27 were 
b e 1 . o ~  92.9 m2 (1000 f t 2 ) .  
Density of Canada t h i s t l e  decreased by 45.0% a f t e r  spray  t reatment  
i n  1971 and 30.9% a f t e r  t reatment  i n  1972 (see  Table 4) .  Density of t h i s t l e  
i n  a c o n t r o l  p l o t  t r e a t e d  by t h e  mass spray  method increased 3.8% from 
1971 t o  1972 and 36.4% from 1972 t o  1973. From 1971 t o  1973 t h e r e  was a n  
o v e r a l l  decrease  i n  dens i ty  of 62,0% i n  t r e a t e d  p l o t s  and a n  inc rease  of 
55.0% i n  t h e  c o n t r o l  p l o t .  
1 
TABLE 4.--Number of Canada t h i s t l e  pl.ants i n  20 20x50 cm (7 ,9  x 19 ,7  
inches)  subp lo t s  
Spec ies  P l o t  Di f fe rence  Dif fe rence  
Number 1971 1972 1971 t o  1972 1973 1972 t o  1973 
Mean 
Treated P l o t s  
77 26 -51 
% Change -45,0% 
Overa l l  % Change (1971 t o  1973) 
Control  P l o t  
27 29 33 + 4 45 f12 
% Change +13,8 +36,4 
Overa l l  % Change (1971 t o  1973) +55.0% 
* S i g n i f i c a n t  change a t  p = 0.1  
I n  pa tches  t r e a t e d  w i t h  Banvel and then  Prami to l ,  regrowth occurred 
i n  1 of 9 pa tches  i n  J u l y ,  1973. I n  May of 1974 occas iona l  p l a n t s  were 
ev ident  i n  a l l  9 pa tches  and cons ide rab le  damage had been done t o  e x i s t i n g  
g r a s s  cover.  
I n  pa t ches  t r e a t e d  only  w i t h  Tordon Beads, regrowth had occurred i n  
8 pa tches  and 1 had no evidence of regrowth i n  J u l y ,  1973, I n  May of 1974 
a l l  pa tches  had Canada t h i s t l e  p re sen t .  
I n  pa tches  t r e a t e d  w i t h  Banvel and then  Tordon Beads, 4 of 8 pa tches  
had regrowth i n  J u l y  1973. By May, 1974 regrowth was ev ident  i n  a l l  8 patches.  
Densi ty  and v igo r  of Canada t h i s t l e  i n  pa tches  r ece iv ing  Prami to l  o r  
Tordon Bead treatment  appeared t o  be considerably diminished bu t  dens i ty  
p l o t s  were not  s e t  out  i n  these  s i t e s  t o  measure p r e c i s e  changes. 
Discussion 
I n  F rank l in  township Canada t h i s t l e  patches i n f e s t e d  l e s s  than  5% 
of t h e  roads ide  d i t ches .  This  e s t ima te  might be  100% too  high o r  even more 
as patches were est imated a s  i f  they occupied t h e  complete d i t c h  when i n  many 
ins t ances  only t h e  fo res lope  o r  backslope was occupied. I n  t h e  s tudy a r e a  
t h i s  averaged a maximum of 40.2 m (8 rods) of Canada t h i s t l e  per  1.6 km 
( 1  mile)  of d i t c h .  
The problem of establ ishment  of new patches i s  d i f f i c u l t  t o  eva lua te ,  
In t ens ive  searches  of d i t c h e s  would be  necessary t o  a s su re  t h e  absence of 
Canada t h i s t l e .  Because of t h e  observed decrease i n  s i z e  of newly discovered 
patches i t  is l i k e l y  t h a t  some establ ishment  took p lace  during t h e  s tudy period.  
A t  p resent  t h e r e  i s  no information a v a i l a b l e  on what t h i s  establ ishment  r a t e  
might be. It i s  c l e a r  from t h e  da ta  t h a t  t h e  dens i ty  of Canada t h i s t l e  p l a n t s  
can be  reduced considerably us ing  methods of spo t  spraying e a r l y  i n  t h e  growing 
season. Vigor was not  measured (p l an t  weight,  he igh t ,  e t c , )  b u t  appeared t o  
decrease considerably during t h e  period of t h e  s tudy (see  photos) on most 
patches.  
Severa l  he rb ic ides  were used during t h e  course of t h e  s tudy and each 
o f fe red  c e r t a i n  advantages and had c e r t a i n  drawbacks. 
Banvel is most e f f e c t i v e  when p l a n t s  a r e  smal l ,  5 t o  10  cm ( 2  t o  4 
inches)  t a l l .  Therefore Canada t h i s t l e  must be  sprayed from mid t o  l a t e  May 
i n  Linn County. This he rb ic ide  g ives  f a i r  top k i l l  when used a t  t h e  r a t e  
of 236 m l  ( 1  cup)/  3784 1 (100 ga l lons )  of water ,  and a t  473 m l  ( 1  p i n t ) /  
3784 1 (100 ga l lons )  of water g ives  good top k i l l  without  impair ing g ras s  
cover except f o r  reducing seed product ion.  Agr i cu l tu ra l  crops s u s c e p t i b l e  
t o  Banvel, such a s  soybeans, a r e  usua l ly  not  a f f e c t e d  by acc iden ta l  spray 
d r i f t  from app l i ca t ions  made i n  May o r  e a r l y  June. 
The low-volat i le  e s t e r  form of 2,4-D i s  most e f f e c t i v e  on Canada 
t h i s t l e  i f  appl ied  up u n t i l  flower buds a r e  developing. Various patches 
show cons iderable  v a r i a t i o n  i n  f lowering time, from e a r l y  t o  l a t e  June. 
Therefore,  i t  is d i f f i c u l t  t o  spray  a l l  patches a t  t h e  optimum t i m e .  Also 
t h e  hazards of d r i f t ,  bo th  when applying t h e  he rb ic ide  and l a t e r  when t h e  
he rb ic ide  v o l a t i l i z e s  i n t o  t h e  a i r  p re sen t  problems when us ing  2,4-Do 
Tordon Beads were most e f f e c t i v e  on small  p l a n t s  and a l s o  a s  a  
follow-up treatment  a f t e r  an i n i t i a l  spraying wi th  Banvel o r  2,4-D. I n  1973 
p l a n t s  i n  most patches were t r e a t e d  wi th  Tordon Beads a t  t h e  end of June and 
near  t h e  end of Ju ly .  Regrowth i n  t h e  sp r ing  of 1974 appeared t o  be g r e a t l y  
reduced. Repeated app l i ca t ions  of Tordon Beads on ind iv idua l  p l a n t s  s e v e r a l  
t i m e s  per  season over two o r  more yea r s  shows promise of an e f f e c t i v e  
e r a d i c a t i o n  measure. 
Prami to l  is a s o i l  s t e r i l e n t  which des t roys  a l l  vege ta t ion  when i t  
is appl ied  a t  s u f f i c i e n t  a p p l i c a t i o n  r a t e s .  I n  Canada t h i s t l e  patches where 
t h e  Pramitol  spray  w a s  appl ied  t o  ind iv idua l  p l a n t s  almost complete k i l l  w a s  
made. Regrowth t h e  fol lowing s p r i n g  apparent ly  came from p l a n t s  missed by t h e  
t reatment .  The most s e r i o u s  drawback t o  t h i s  type of t reatment  i s  t h e  complete 
l o s s  of cover i n  t h e  t reatment  a rea .  As  g r a s s  r o o t s  and tops  decay, 
e ros ion  becomes a t h r e a t  and regrowth of any s i g n i f i c a n t  amount of vegeta- 
t i o n  i s  prevented foromore than one year .  Also, reduced competi t ion can 
lead  t o  increased  t h i s t l e  v igo r ,  
Based upon r e s u l t s  of t h i s  s tudy,  minimum c o n t r o l  of Canada 
t h i s t l e ,  i . e . ,  prevention of f lowering and c o n t r o l  of v igor  and spread,  
was achieved wi th  mid- t o  l a t e  May treatment  wi th  Banvel. More i n t e n s i v e  
t rea tment ,  using Tordon Beads (on ind iv idua l  p l a n t s )  s e v e r a l  t imes 
during t h e  growing season appeared t o  reduce populat ion d e n s i t i e s  
considerably.  
NATIVE-GRASS SEEDING 
Methods 
Severa l  types of a reas  were seeded t o  eva lua te  t h e  f e a s i b i l i t , ~  of 
e s t a b l i s h i n g  n a t i v e  g ras ses  on roadside rights-of-way. The major a r e a  seeded 
was 6 ,9  h a  (17 ac res )  of newly graded roadway j u s t  no r th  of Lisbon, Iowa, 
The seedbed was prepared wi th  a spring-tooth harrow and drag and seeding 
was done wi th  a hydromulcher ( f i g u r e  6 ) .  A mulch of wood f i b e r s  (Conwed 
1 Hydromulch ) was a l s o  used. Seeding was done during t h e  f i r s t  week i n  June,  
1971. The seed mixture cons is ted  of f i v e  g r a s s  spec ie s  ( see  Table 5). 
Management cons i s t ed  of mowing t h e  shoulder  of t h e  roadway and spraying 
noxious weeds dur ing  t h e  t h r e e  years  of t h e  s tudy.  
lManufactured by Conwed Corporation, 332 Minneapolis S t , ,  S t ,  Paul ,  
Minnesota, 
Figure 6. Roadside being seeded with hydromulcher. 
TABLE 5.--Prairie grass seed mixture 
kg Pounds 
Species ~LSl/ha PLS /A P L S / ~ ~  PLS/£ t2 
Big bluestem 
Andropogon gerardi 2.24 2.0 81.81 7.6 
var. pawnee 
Little bluestem 
Andropogon scoparius 1.34 1.2 77.50 7.2 
var. blaze 
Side-oats grama 
Bouteloua curtipendula 0.89 0.8 37.67 3.5 
var. trailway 
Indian grass 
Sorghastrum nutans 1.12 1.0 43.06 4.0 
var. holt 
Switch grass 
Panicum virgatum 
var. pathfinder 
Total 6.50 5.8 316.46 29.4 
Perennial ryegrass 
Lolium perenne 1.22 kg/ha (1 pound/A) 
~PLS -- Pure live seed 
Sample p l o t s  were eva lua ted  f o r  presence of a l l  s p e c i e s  during 
October of 1971, 1972 and 1973. Ten subp lo t s ,  each 20x50 cm ( 7 - 9  x 19.7 
inches)  were taken a t  10 meters  (32.8 f e e t )  i n t e r v a l s  w i t h i n  each of t h r e e  
p lo t s .  P l o t  A rece ived  no g r a s s  seed except  p e r e n n i a l  ryeg ras s ,  P l o t s  B 
and C rece ived  t h e  p r a i r i e  mixture and ryegrass ,  P l o t  C a l s o  was seeded 
w i t h  a mixture of 50 o t h e r  p r a i r i e  spec i e s  i n  a d d i t i o n  t o  t h e  p r a i r i e  
g ra s s  mixture and ryeg ras s ,  
I n  a d d i t i o n  t o  new grades ,  e leven  small a r e a s  where d i t c h e s  had been 
deepened t o  improve d ra inage  were seeded. The mixture  and r a r e  descr ibed  i n  
Table 5 w a s  used. A l l  a r e a s  had been cleaned t h e  f a l l  p r i o r  t o  seeding,  No 
c u l t i v a t i o n  was done p r i o r  t o  seeding,  Seeding was done during t h e  f i r s t  
week of June 1971 and 1972. Evaluat ion cons i s t ed  of c a s u a l  s ea rches  f o r  
seedl ings  dur ing  1972 and 1973, 
In t roduc t ion  of p r a i r i e  g ra s ses  by seeding was a l s o  at tempted i n t o  
e x i s t i n g  vegeta t ion .  The mixture descr ibed  i n  Table 5 was used a t  112 t h e  
given r a t e .  S ix  a r e a s  w i th  e i t h e r  loamy o r  sandy s o i l  were seeded i n  e a r l y  
June, 1971, Casual s ea rch  f o r  s eed l ings  were made i n  1972 and 1973. 
Resu l t s  
Resul t s  on t h e  newly graded roadway showed t h a t  s a t i s f a c t o r y  s t ands  
of n a t i v e  g ra s ses  were obtained us ing  a hydroseeder-mulcher, During t h e  t h i r d  
growing season n a t i v e  g r a s s e s  dominated t h e  seeded p l o t s  of r i g h t  of way a t  
80% frequency ( see  Table 6 and f i g u r e  7), That is, 80% of t h e  20x50 em. 
(7-9 x 19,7 inch )  quadra ts  contained a n a t i v e  g r a s s  p l a n t ,  Percent  frequency 
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Figure 7. Backslope i n  th i rd  growing season a f t e r  
being seeded with nat ive grasses. 
of native grasses ranged from 70% t o  90% during the three years of the study. 
Of the f i ve  species seeded i n  the mixture (Table 5) a l l  became established 
with switchgrass and side-oats grama highest a t  40% to  60% frequency. Big 
and l i t t l e  bluestem ranged from 20 t o  40% while indian grass ranged more 
widely, from 10% t o  40%. Canada wildrye established t o  a l e s se r  extent from 
a few grams of seed used i n  plot  C and t a l l  dropseed was a volunteer i n  one 
plot .  
A few other p r a i r i e  species became established as  a r e su l t  of 
seeding or volunteer plantings. Sampling was not suf f ic ien t ly  intensive t o  
adequately represent the establishment but several  species were encountered 
( see  Table 6 ) .  Purple  p r a i r i e  c love r ,  t i c k  t r e f o i l  and yellow coneflower 
were encountered i n  sampling and white  p r a i r i e  c lover ,  black-eyed Susan and 
thimble weed were present  i n  p l o t  C. White heath a s t e r  and Canada goldenrod 
volunteered i n  p l o t s  A and B. 
During t h e  f i r s t  two yea r s  a f t e r  seeding, t h e  weedy annual  g ra s ses ,  
e s p e c i a l l y  t h e  f o x t a i l s  dominated t h e  p l o t s  ( see  Table 6 ) .  Although percent  
frequency remained high,  weedy g r a s s e s  were dominant only i n  p l o t  A during 
t h e  t h i r d  year  (1973). A l l  weedy g ras ses  showed a decrease i n  percent  
frequency, An example i s  wi tchgrass  i n  p l o t  B which was a t  80% i n  1971 and 
1972 bu t  decreased t o  10% i n  1973, Severa l  pe renn ia l  grasses  began t o  appear 
i n  1972 and 1973, Bluegrass was most common but  smooth bromegrass and timothy 
were a l s o  present .  
A l i m i t e d  number of weedy f o r b s  (non-grasses) were p resen t ,  i n  most 
cases  during t h e  f i r s t  two growing seasons (see  Table 6) .  Smartweed and 
kochia were i n  t h i s  group which was being replaced by s e v e r a l  c love r  s p e c i e s  
and horseweed (Conyza canadensis)  i n  t h e  t h i r d  year .  
Of eleven excavated d i t c h e s  r ece iv ing  no seedbed p repa ra t ion  
p r i o r  t o  seeding,  n a t i v e  g ras ses  became es t ab l i shed  i n  only one site, 
This  establ ishment  was very l i m i t e d  bu t  eva lua t ion  was d i f f i c u l t  
because t h e  ad jacen t  property owner mowed t h e  d i t c h  p e r i o d i c a l l y  which 
discouraged t h e  n a t i v e  g ras ses  p r e f e r e n t i a l l y  over ryegrass  and 
b luegrass .  
Overseeding of n a t i v e  g ras ses  i n t o  e x i s t i n g  vege ta t ion  produced 
no es tab l i shment  i n  any of t h e  s i x  a r e a s  seeded. 
Discussion 
Native p r a i r i e  g r a s s  spec ies  seeded i n t o  a prepared seedbed i n  
roadsides appeared t o  produce adequate cover a f t e r  a period of about t h r e e  
years .  A seeding r a t e  of about 325 pure l i veseeds lpe r  square meter 
(30 P L S / F ~ ~ )  produced an adequate s t and  bu t  doubling t h a t  r a t e  would g ive  
more assurance of a s u f f i c i e n t  s tand .  Considerable washing of seeds,  mulch 
and s o i l  j u s t  a f t e r  seeding due t o  heavy r a i n s  a l s o  a f f ec t ed  t h e  s tand ,  
e s p e c i a l l y  on fore-  and backslopes. The use of s t raw mulch on a r e a s  
s u s c e p t i b l e  t o  e ros ion  would a l s o  he lp  i n s u r e  a s tand .  
Native p r a i r i e  fo rbs  became es t ab l i shed  t o  a very l imi t ed  ex ten t  
bur s e v e r a l  spec ie s  were q u i t e  success fu l .  Three legumes, purp le  p r a i r i e  
c lover ,  whi te  p r a i r i e  c love r  and t i c k  t r e f o i l  increased  i n  prominence dur ing  
t h e  t h r e e  yea r s  even though l imi t ed  sampling f a i l e d  t o  show t h i s .  Also 
yellow coneflower and black-eyed Susan competed favorably wi th  t h e  g ras ses  
and were blooming prominently during 1973. 
The ryegrass  cover crop was inadequate t o  suppress  weeds and provide  
cover f o r  e ros ion  c o n t r o l  during t h e  f i r s t  growing season. The use  of a 
d i f f e r e n t  g r a s s  spec ie s ,  a d d i t i o n a l  spec ie s  such a s  a l f a l f a  o r  t h e  use of a 
pre-emergent he rb ic ide  such a s  Atrazine o r  Bladex a r e  a l t e r n a t i v e s  which 
should be inves t iga t ed ,  
Comparisons of a r e a s  having seedbed p repa ra t ion  with those  without  
prepara t ion  dramat ica l ly  show t h e  need f o r  seed bed prepara t ion ,  It i s  
probable t h a t  more " sa fe  s i t e s "  f o r  seed germination would be a v a i l a b l e  
immediately a f t e r  d i t c h  c leaning  opera t ions  than  a f t e r  a delay through t h e  
winter  months. However, weather condi t ions  would not  be s u i t a b l e  f o r  
establ ishment  of s eed l ings  during much of t h e  summer when d i t c h  c leaning  
opera t ions  might be done. 
While ca r ry ing  out  dock spraying opera t ions  it became obvious t h a t  
cleaned a r e a s  i n  d i t ches  represented  major a reas  f o r  co lon iza t ion  of weedy 
spec ies .  The period of time these  pioneer  spec ie s  would dominate could be  
g r e a t l y  reduced i f  a vigorous pe renn ia l  vege ta t ion  were introduced under 
s u i t a b l e  cond i t ions  a s  i n  t h e  prepared seedbed study a rea .  To minimize 
weedy growth i n  roadside d i t c h  newly denuded a reas ,  such a s  cleaned 
d i t c h e s ,  should be  seeded wi th  pe renn ia l  grasses ,  such a s  n a t i v e  p r a i r i e  
spec ie s ,  a t  t h e  e a r l i e s t  s u i t a b l e  time.* 
The in t roduc t ion  of n a t i v e  p r a i r i e  spec ie s  i n t o  e x i s t i n g  vege ta t ion  
by seeding does not  appear t o  be  success fu l .  It may be  however, t h a t  
s u f f i c i e n t  t i m e  has not  y e t  e lapsed  t o  d e f i n i t e l y  r u l e  out  establ ishment .  
One author  (PAC) s c a t t e r e d  seeds  of n a t i v e  grasses  and f o r b s  on a roads ide  
i n  no r the rn  Iowa and 7 years  e lapsed  before  any na t ive  g ras ses  became 
evident  (unpublished d a t a ) .  
ROADSIDE VEGETATION DYNAMICS 
Methods 
Roadside vegeta t ion  dynamics were evaluated by measuring t h e  cover 
of each spec ie s  present  during J u l y  of each year  of t h e  s tudy,  Seventy p l o t s  
were l a i d  out  throughout t h e  township t o  sample a l l  vege ta t ion  types  present .  
Each p l o t  cons is ted  of 20 subplo ts ,  20 x 50 cm (7.9 x 19,7 inches)  placed 
1 m (39.37 inches) apar t  on a transect  i n  the  bottom of the  di tch pa ra l l e l  
with the  road ( f igure  8). Evaluation of the  p lo t s  consisted of estimating 
coverage of each species present i n  the p lo t  a f t e r  a method developed, by 
. . 
Daubenmire (1959). Nine p lo t s  were treated with herbicide fo r  control  of 
. . 
Canada t h i s t l e  and served a s  controls. Fifty-one p lo t s  were untreated and 
. I I .  
, . 
served a s  experimental p lots .  Ten p lo t s  were l o s t  or  disturbed during the  
study. Certain p lo t s  were placed a r b i t r a r i l y  and therefore r e su l t s  do not 
r ipresent  . . an unbiased estimate of Franklin Township roadside vegetation. 
Figure 8. Technician prepares t o  sample vegeta- 
t i on  with metal frame quadrat. 
Results 
During the three-year study of roadside vegetation 122 species of 
plants were observed in plots. Thirty-four species (27.9%) were native prairie 
species; 12 (9.8%) were introduced species common on roadsides; 43 (35.2%) were 
weedy introduced species; 20 (16.4%) were woody species (trees or shrubs) and 
13 (10.7%) were classified as miscellaneous being mostly woodland edge 
species (see Appendix 1). 
During the course of the study the number of species per plot increased 
in both control and experimental plots. Controls increased slightly from 9.6 
to 10.2 species per plot, an insignificant amount. In experimental plots the 
increase was from 14.4 to 16.1 species per plot, a highly significant increase. 
Total coverage increased in both control and experimental plots 
between 1971 and 1973. In experimental plots total coverage increased from 
133.5% to 212,8% while control plots increased from 122.1% to 168,4%. 
Grasses dominated both control and experimental plots. In 1971 
grasses accounted for 69.8% of the relative cover in experimental plots and 
87.3% in control plots. By 1973 grass domination had decreased in experimental 
plots to 62,8% while domination in control plots had increased slightly to 
87.5% (see Table 7). 
TABLE 7.--Percent relative cover of grasses and non-grasses. 
Control Ex~erimental 
all grasses 
non-grasses 
Fur ther  breakdown of cover da t a  i n d i c a t e s  t h a t  cons iderable  change 
was occurr ing i n  experimental  p l o t s  while  only s l i g h t  change took p lace  i n  
c o n t r o l  p l o t s  (see Table 8 and f i g u r e s  9,  10,  11 and 12).  The r e l a t i v e  
cover of n a t i v e  p r a i r i e  spec ie s  increased i n  experimental  p l o t s  from 17.5% t o  
22.1% while  r e l a t i v e  cover of weedy spec ie s  increased  from 10,8% t o  14.8%. 
Re la t ive  coverage of common roads ide  spec ie s  decreased from 66.0% t o  60.1% 
and r e l a t i v e  cover of woody spec ie s  decreased from 2.8% t o  1.9%. Re la t ive  
cover of miscel laneous spec ie s  a l s o  dec l ined ,  from 2.0% t o  1.1%. 
TABLE 8.--Percent r e l a t i v e  cover of severa l  vege ta t ion  types  
Control  Experimental 
1971 
-
1973 
-
1971 
-
1973 
-
p r a i r i e  8.9 8.9 17.5 22.1 
common 82.3 81.1 66.9 60 ,1  
woody 0.1 0.0 2,8 1.9 
weedy 8.8 10.0 10.8 14.8 
miscellaneous 0.0 
-
0 - 0  
-
2.0 
-
1.1 
-
100.1 100,o 100.0 100.0 
I n  c o n t r o l  p l o t s  n a t i v e  p r a i r i e  r e l a t i v e  coverage remained cons tant  
at  8,9%, cover of weedy spec ie s  increased from 8,8% t o  10.0% and cover of 
common roads ide  s p e c i e s  decreased from 82,3% t o  81.1%, Woody spec ie s  accounted 
f o r  less than 0.1% of t h e  cover i n  1971 and none were encountered i n  p l o t s  i n  
1973. No spec ie s  i n  t h e  miscel laneous category were present  i n  c o n t r o l  p l o t s ,  
Changes i n  r e l a t i v e  cover between annual1 and pe renn ia l  spec ie s  was 
minimal i n  c o n t r o l  p l o t s ,  Re la t ive  cover of pe renn ia l s  decreased from 91*0% 
l 1 n  t h i s  r epor t  "annual" r e f e r s  t o  both annual and b ienn ia l  spec ies .  
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t o  88,9% whi l e  r e l a t i v e  cover of annuals  increased  from 9.0% t o  11,1% (see  
Table 9) .  
TABLE 9.--Percent r e l a t i v e  cover of pe renn ia l  and annual  v e g e t a t i o n  
Cont ro l  Experimental 
1971 
-
1973 
-
1971 
-
1973 
-
pe renn ia l  91.0 88.9 87.7 82,5 
annual  9.0 11.1 12.3 17.5 
100.0 100,o 100.0 100.0 
Somewhat more change occurred i n  experimental  p l o t s ,  R e l a t i v e  cover 
of pe renn ia l s  decreased from 87.7% i n  1971 t o  82.5% i n  1973, Annuals increased  
from 12,3% t o  17*5%, 
Very l i t t l e  change occurred i n  r e l a t i v e  coverage of woody p l a n t s  
between 1971 and 1973. I n  c o n t r o l  p l o t s  r e l a t i v e  cover of woody p l a n t s  
decreased 0.01% t o  0.0% ( s e e  Table 10) .  I n  experimental p l o t s  t h e  i n i t i a l  
r e l a t i v e  coverage was somewhat h igher  than  i n  c o n t r o l  p l o t s  a t  2.7%. By 
1973 t h e  r e l a t i v e  coverage had decreased t o , 1 . 9 % ,  
TABLE 10,--Percent r e l a t i v e  cover of herbaceous and woody v e g e t a t i o n  
Cont ro l  Experimental 
1971 
-
1973 
-
1971 
-
1973 
herbaceous 99.99 100.0 97.3 98.1 
woody 0.01 0.0 2,7 1,9 
100.00 100.0 100.0 100,o 
A s tudy  of s p e c i e s  i n c r e a s i n g  o r  decreas ing  more than  1% I n  a b s o l u t e  
cover between 1971 and 1973 revea led  t h a t  r e l a t i v e l y  few s p e c i e s  accounted 
fo r  most of the s h i f t s  i n  cover. 
Among the perennials showing increase or decrease of 1% absolute cover 
i n  control  p lo t s  redtop, timothy, ryegrass, l i t t l e  bluestem, white heath a s t e r ,  
wood sor re l ,  Canada goldenrod and v io le t  increased i n  re la t ive  cover while 
smooth bromegrass, bluegrass, Nuhley grass and dandelion decreased, Horsetail ,  
ragwort and a l f a l f a  remained about the same i n  r e l a t i ve  cover (see Table 11). 
Those species increasing comprised 6.5% of the absolute perennial cover i n  
control  p lo t s  i n  1971 and 14.0% i n  1973. 
In  experimental p lo t s  redtop, smooth bromegrass, reed canarygrass, 
t a l l  dropseed, white heath a s t e r ,  horse ta i l ,  wood so r r e l ,  ragwort, Canada 
goldenrod and r ig id  goldenrod increased i n  r e l a t i ve  cover (see Table 11). 
Muhley grass,  timothy, bluegrass and a l f a l f a  decreased while ryegrass, l i t t l e  
bluestem, dandelion and v io le t  remained about the same i n  r e l a t i ve  cover. 
Those species increasing comprised 28.1% of the absolute perennial cover i n  
experimental p lo t s  i n  1971 and 38.8% i n  1973. 
Of annual species i n  control  p lo t s  f luctuat ing more than 1% i n  absolute 
cover between 1971 and 1973 three species including l i t t l e  ragweed, f o x t a i l  
and black medick increased i n  r e l a t i ve  cover (see Table 12) and two species 
declined; giant ragweed and wild le t tuce.  Those species increasing comprised 
47,7% of the absolute annual cover i n  control  p lo t s  i n  1971 and 69.5% i n  
1973. In experimental p lo t s  giant ragweed, partridge pea, white sweet clover, 
yellow sweet clover, red clover and white clover increased i n  r e l a t i ve  cover 
while wild l e t t uce  decreased (see Table 12). Those species increasing comprised 
30.3% of the absolute annual cover i n  experimental p lo t s  i n  1971 and 64.1% 
TABLE 11.--Percent relative cover of perennial species fluctuating more 
than 1% in absolute cover between 1971 and 1973 
Species treatment - 1971 1973 change 
red top c1 0-08 0.98 4-0.90 
~2 1.51 1.80 CO, 29 
smooth bromegrass C 15.16 12.35 -2.81 
E 15.59 16.59 3-1.00 
muhley grass C 2.53 0.0 -2,53 
E 1.73 0.53 -1,20 
timothy C 1.99 2.79 +0,80 
E 1.42 0.94 -0.48 
reed canary grass C 0.0 0.0 0,O 
E 0.11 0.95 4-0.84 
bluegrass C 62.03 49.25 -12.18 
E 42.86 36.13 -6,73 
ryegrass C 0.08 1.37 4-1.29 
E 0.13 0.25 SOa12 
tall dropseed C 0.0 0.0 0.0 
E 3.39 4.95 S1.56 
little bluestem C 2.24 2.49 CO. 25 
E 0.19 0.38 4-0.19 
white heath aster C 0.09 0.36 4-0,27 
E 0.91 1.29 1-0.38 
horsetail species C 0.35 0.30 -0.05 
E 0.97 1.20 COO 23 
wood sorrel C 0.07 0.21 C0.14 
E 0.40 0.94 +0.54 
ragwort C 0.0 0.01 CO. 01 
E 0.40 1.33 +0.93 
alfalfa C 0.03 0,O -0.03 
E 1.30 0.17 -1.13 
Canada goldenrod C 0.61 0.88 CO. 27 
E 1.31 1.65 +0,34 
rigid goldenrod C 0.0 0.0 0, 0 
E 0.10 0.75 -I-0,65 
dandelion C 0.66 0.53 -0,13 
E 0,67 0.72 +O, 05 
violet species C 0,75 1.13 4-0.38 
E 1.06 1.10 4-0.04 
'C -; Control (mass sprayed) 
2~ - Experimental (not sprayed) 
TABLE 12.--Percent r e l a t i ve  cover of annual species f luctuat ing more than 
1% i n  absolute cover between 1971 and 1973 
Species treatment - 1971 - 1973 change 
common ragweed 
giant ragweed 
partridge pea 
white sweet clover 
yellow sweet clover 
red clover 
white clover 
f o x t a i l  species 
wild le t tuce  
black medick 
IC - Control (mass sprayed) 
2~ = Experi,mental (not sprayed) 
Noxious weeds (o ther  than  Canada t h i s t l e ,  previously d iscussed)  
cont r ibuted  very l i t t l e  t o  roads ide  cover.  T o t a l  r e l a t i v e  cover f o r  noxious 
weeds i n  c o n t r o l  p l o t s  increased  from 0.0% t o  0.25% between 1971 and 1973 
whi le  i n  experimental  p l o t s  r e l a t i v e  cover of noxious weeds decreased from 
0,69% t o  0.65% ( see  Table 13) .  Only f i e l d  t h i s t l e  exceeded 0.5% a b s o l u t e  
cover ( see  Appendix 1 ) .  Changes i n  r e l a t i v e  cover of s i x  spec ie s  of noxious 
w e e d s  encountered (excluding Canada t h i s t l e )  during t h e  s tudy a r e  given i n  
Table 13. Of t h e  t h r e e  spec ie s  which were t a r g e t s  of mechanical c o n t r o l  i n  
experimental  p l o t s  f i e l d  t h i s t l e  and dock decreased i n  r e l a t i v e  cover whi le  
b u l l  t h i s t l e  remained v i r t u a l l y  t h e  same. Queen Anne's l a c e  and horse  n e t t l e  
showed inc reases  of about 0.1% i n  r e l a t i v e  cover i n  experimental p l o t s .  
TABLE 13,--Percent r e l a t i v e  cover of noxious weed spec ie s  
Species  t reatment  1971 1973 change 
f i e l d  t h i s t l e  c1 0.0 0,lO 4-0.10 
~2 0.50 0,24 -0,26 
b u l l t h i s t l e  
Queen Anne's l a c e  C 0.0 0 - 0  0.0 
E 0.08 0.17 +O, 09 
dock spec ie s  
red s o r r e l  
ho r se  n e t t l e  
1 6  = Control  (mass sprayed) 
2~ - Experimental (not sprayed) 
Two weedy spec ie s  of some i n t e r e s t  a r e  hemp and wild parsnip.  Hemp 
decreased i n  r e l a t i v e  cover from 0.33% t o  0.05% i n  c o n t r o l  p l o t s  and 0.14% 
t o  0.04% i n  experimental p l o t s .  Wild parsn ip  was encountered only i n  
experimental p l o t s  and increased  from 0.56% t o  0.70% r e l a t i v e  cover from 
1971 t o  1973. 
Discussion 
Several  important t r ends  a r e  evident  i n  roads ide  vege ta t ion  where 
no spray  was appl ied  whi le  r e l a t i v e l y  l i t t l e  change occurred i n  spray  p l o t s .  
T o t a l  cover increased  i n  both c o n t r o l  (sprayed) and experimental 
(non-sprayed) p l o t s  but  s i g n i f i c a n t  i nc rease  occurred only i n  experimental  
p l o t s .  Control  p l o t  cover increased  38% from 1971 t o  1973 whi le  experimental 
p l o t  cover increased 59%. T o t a l  cover i s  a n  i n d i c a t o r  of p roduc t iv i ty  and 
s t r u c t u r e  of t h e  vegeta t ion .  By 1973 abso lu te  cover i n  experimental p l o t s  
was 212,77 (Appendix 1 ) .  This  i n d i c a t e s  t h a t  t h e  average p l o t  had more than  
two l a y e r s  of vege ta t ion  over  t h e  e n t i r e  p l o t .  Usually t h i s  is caused by 
t a l l e r  p l a n t s  which spread l eaves  above t h e  g ras ses  thus  c r e a t i n g  a mult i -  
layered  s t r u c t u r e ,  
Complexity was a l s o  increased  a s  ind ica t ed  by t h e  inc rease  i n  t h e  
number of spec ie s  per  p lo t .  A h ighly  s i g n i f i c a n t  i nc rease  of 11.8% occurred 
i n  experimental p l o t s  between 1971 and 1973 whi le  i n  c o n t r o l  p l o t s  a non- 
s i g n i f i c a n t  i nc rease  of 8.3% occurred. 
Using o the r  vege ta t ion  measures c o n t r o l  p l o t s  changed very  l i t t l e .  
V i r t u a l l y  no change occurred i n  r e l a t i v e  cover of g ra s ses  and non-grasses, 
perennials and annuals, herbaceous and woody plants  and i n  fur ther  breakdown 
in to  p ra i r i e ,  comon roadside, woody, weedy and miscel.laneous categories 
(see Tables 7, 8 ,  9 and 10). Some changes were occurring within categories,  
however. Most notable was the increase of l i t t l e  ragweed and black medick 
(Table 12) and decrease of bluegrass and smooth bromegrass (Table 11). 
Several trends were observed i n  r e l a t i v e  cover d i s t r ibu t ion  i n  
experimental plots .  There was a decrease i n  the  importance of grasses with 
r e l a t i ve  cover going from 69.8% t o  62.8% between 1971 and 1973. The la rges t  
decrease was suffered by bluegrass, A number of groups of plants increased 
i n  r e l a t i ve  cover with comnon roadside and weedy annuals increasing most. 
Four cult ivated legumes; yellow and white sweet clover, and red and white 
clover provided most of the increase, while the contribution of giant ragweed 
was a l so  considerable (see Table 12). 
Several perennial p ra i r i e  plants  increased i n  r e l a t i ve  cover a lso.  
These included t a l l  dropseed, white heath a s t e r ,  ragwort, and Canada and r ig id  
goldenrod, Alfalfa ,  a cult ivated legume, decreased considerably (Table 11). 
Very l i t t l e  change occurred i n  the r e l a t i ve  cover of woody plants.  I n  
experimental p lo t s  there was a s l i g h t  decrease from 2.8% t o  1.9% re l a t i ve  
cover, Only a few woody plants were encountered i n  control  p lo t s  i n  1971 and 
none were present i n  1973 (see Table 8) .  Over a longer time period no doubt 
woody plants  would begin t o  make s ignif icant  increases i n  cover i f  not 
eon t rol led.  
Noxious weeds, other than Canada t h i s t l e ,  do not appear t o  present a 
great  problem. A l l  a re  annual (or biennial)  except fo r  horse ne t t l e ,  and 
control  is possible e i ther  by cut t ing or  spot spraying. 
Hand cut t ing of biennial  t h i s t l e s  apparently had some e f f ec t  on 
cover, especially f i e l d  t h i s t l e ,  which decreased from 0.50% t o  0.24% r e l a t i v e  
cover i n  experimental plots .  Bull t h i s t l e  increased very s l i gh t ly ;  0,03% i n  
experimental p lo t s  and 0.15% i n  control  plots  (see Table 13). 
From the r e s u l t s  of t h i s  study i t  appears evident tha t  the  roadside 
vegetation under a mass spraying program had reached a s t a t e  of equilibrium. 
When the s t r e s s  of mass spraying was removed the vegetation reacted by sh i f t i ng  
toward species which were formerly inhibited by spray but were competitive 
and aggressive when released from herbicide treatment. The changes i n  species 
composition produced a vegetation where t a l l e r  species such a s  goldenrod, 
a s t e r s ,  sweet clover and giant  ragweed a r e  more important (f igures 13 and 14), 
The uniformity of a pure grass cover was broken up in to  a more varied cover. 
Patchiness produced by perennial forbs (non-grasses), var ia t ion  i n  height 
between grasses and cer ta in  t a l l e r  annuals and perennials, and other visual  
changes including color were evident i n  roadside vegetation released from 
annual spraying (f igure  15). After a number of years woody vegetation would 
a l so  begin t o  make even more rad ica l  changes. 
Responsible roadside vegetation management i s  a compromise between 
lowest possible costs ,  and safety  and convenience for  roadway users. If 
vegetation is allowed to  go i t s  course, fo res t s  w i l l  develop on the roadsides 
( in  east-central  Iowa) and poor drainage, inadequate s ight  distance,  snow 
d r i f t s  and other consequences w i l l  impair the usefulness of the  roadway. 
On the other hand, repeated mowing and/or spraying of roadsides can reduce 

roadside vegetation to a manicured lawn with its attendant high-maintenance 
costs. The key to good management of roadsides is to strike a balance 
between these two extremes. 
Figure 15. Roadside not sprayed for 3 years. 
Note flowering of black-eyed Susan and 
presence of other forbs (non-grasses) . 
Any form of disturbance such as grazing, cutting, spraying, etc. 
tends to prevent a plant community from reaching its potential development 
(Woodwell 1970). Also, disturbance generally prevents optimum height devel- 
opment. Thus, with greater disturbances a simpler, shorter plant community 
w i l l  develop. Roadside vege ta t ion  managers thus  can s e l e c t  t h e  comuni ty  
they d e s i r e  by t h e  amount of d is turbance  they i n f l i c t  on t h e  vegeta t ion .  
I f  a mass-sprayed roadside were t r e a t e d  wi th  only spot  spraying t h e  
vege ta t ion  very  l i k e l y  would develop i n t o  a f o r e s t  ( i n  eas t - cen t r a l  Iowa). 
Therefore woody p l a n t  con t ro l  would have t o  be  introduced.  However, w i th  
such a l i m i t e d  vege ta t ion  management program t h e  end r e s u l t  would be a 
considerably more d ive r se  vege ta t ion  than  t h a t  produced us ing  mass-spraying 
techniques. 
ROADSIDE SPOT SPRAYING TECHNIQUES 
During t h e  course of t h i s  s tudy techniques evolved which may be  
u s e f u l  i n  i n s t i t u t i n g  a spot-spraying program. The following i s  a scena r io  
of events  through t h e  season,  Keep i n  mind t h a t  t h i s  work was done i n  e a s t -  
c e n t r a l  Iowa and would have t o  be  modified f o r  o t h e r  geographic l o c a t i o n s .  
May 15-30. Spot spray  dock and b i e n n i a l  t h i s t l e .  Two hand-sprayer 
ope ra to r s  r i d e  i n  a pick-up box while  t h e  v e h i c l e  is slowly 
d r iven  down t h e  r i g h t  s i d e  of t h e  road. On most secondary 
roads,  dock and b ienn ia l  t h i s t l e  can be sprayed without  leaving  
t h e  veh ic l e .  For dense s t ands  of weeds o r  those out  of range 
t h e  v e h i c l e  i s  stopped and t h e  ope ra to r s  walk t o  t h e  weeds. 
I n  F rank l in  and adjacent  townships i n  Linn County each crew 
averaged about 10-12 miles of roadway per  day. 
This  crew a l s o  marks Canada t h i s t l e  patches wi th  f l agg ing  
tape  o r  more permanent markers and no te s  t h e i r  l o c a t i o n  on a 
map. 
May 20-30. Spray Canada t h i s t l e  patches.  A two man crew opera tes  a pick- 
up mounted sprayer  equipped wi th  a hand boom and 50 f e e t  of hose. 
The sprayer  i s  operated a t  a low pressure  of approximately 1 ,35  
at.mosphere (20 PSI). Using maps l o c a t i n g  a l l  t h i s t l e  pa tches  
and wi th  pa tches  marked a t  t h e  s i t e  we were a b l e  t o  spray a l l  
Canada t h i s t l e  patches on 100 m i l e s  of roadway i n  3% t o  4 days. 
June. Follow-up opera t ions  of undetermined length  t o  t h r e a t  noxious 
weed t a r g e t s  missed on t h e  f i r s t  t rea tment ,  e s p e c i a l l y  Canada 
t h i s t l e  patches,  dock and b i e n n i a l  t h i s t l e s .  Some b i e n n i a l  
t h i s t l e s  a r e  e a s i l y  overlooked on t h e  f i r s t  t reatment  and may 
be t r e a t e d  i n t o  Ju ly .  Manpower needs a r e  much reduced but  
v a r i a b l e  depending upon thoroughness of t h e  i n i t i a l  t reatments .  
Marking and mapping Canada t h i s t l e  patches a t  t h i s  time 
speeds up spraying  opera t ions  t h e  fol lowing year .  
INTEGRATED ROADSIDE VEGETATION MANAGEMENT 
Our observa t ions  on t h i s  r e sea rch  p r o j e c t  i n d i c a t e  t h a t  s e v e r a l  
a spec t s  of roadside vege ta t ion  management must be i n t e g r a t e d  t o  produce 
optimum r e s u l t s ,  The p r i n c i p l e  opera t ions  a r e  noxious weed c o n t r o l ,  brush 
c o n t r o l  and d i t c h  c leaning ,  
I n  spo t  spray programs brush must be  t r e a t e d  sepa ra t e ly .  Much of 
t h e  time brush i s  simply cu t  but  not  k i l l e d .  The use  of a stump a p p l i c a t i o n  
of a brush k i l l e r  would g r e a t l y  inc rease  t h e  e f f ec t iveness  of t h i s  procedure. 
A most vu lne rab le  s i t e  f o r  weed establ ishment  on roads ides  is t h e  
b a r e  s o i l  l e f t  i n  d i t c h  c leaning  opera t ions  ( f i g u r e  16 ) .  Most weeds a r e  adapted 
t o  these  c0ndition.s and many yea r s  pass  before  most d e s i r a b l e  vege ta t ion  i s  i n  
c o n t r o l  ( f i g u r e  l 7 ) ,  Seeding of t h e s e  sites should fol low t h e  c leaning  a s  
soon a s  poss ib le .  Seedbed p repa ra t ion  is necessary and f avorab le  weather 
condi t ions  must p r e v a i l  i f  seeding i s  t o  be successfu l .  
With t h i s  i n t e g r a t e d  program of roads ide  vege ta t ion  managemeat, 
noxious weeds and woody vege ta t ion  a r e  con t ro l l ed  without  r e s o r t i n g  t o  mass- 
spraying and s i t e s  where weeds could colonize  a r e  soon under the  domination 
of d e s i r a b l e ,  pe renn ia l  spec ie s ,  
'spaaM Kq uo~sz~uy lo3 pasodxa 
.yps axEq aneaI suo~lelado 8u~uea~s ys3~0: '91 axn2~~ 
CONCLUSIONS 
Dock 
Density of dock decreased more than 50% i n  t h r e e  yea r s  when s p o t  
sprayed i n  May wi th  2,4-D. Cont ro l  p l o t s  remained a t  o r i g i n a l  d e n s i t i e s .  
Wild parsn ip  
Spot spraying wi th  2,4-D gave nea r ly  complete c o n t r o l  f o r  a two year  
period fol lowing spraying b u t  populat ions re turned  t o  pre t rea tment  l e v e l s  t h e  
t h i r d  year ,  Hand c u t t i n g  of f lowering p l a n t s  had no s i g n i f i c a n t  e f f e c t  upon 
d e n s i t y  t h e  succeeding year ,  
Canada t h i s t l e  
Resul t s  i n d i c a t e  l e s s  rhan 5% of t h e  roads ide  a r e a  i n  Frankl in  
Township was i n f e s t e d  wi th  Canada t h i s t l e .  T o t a l  a r e a  of i n f e s t a t i o n  f l u c t u a t e d  
during t h e  s tudy,  while  pa tches  loca ted  increased.  Resu l t s  were inconcl.usive 
on inc idence  of new patch establ ishment .  Density wi th in  patches was reduced 
62% over  t h r e e  years  when t r e a t e d  with Banvel o r  2,4-D, wh i l e  a c o n t r o l  
t r e a t e d  wi th  t h e  usua l  mass-spray increased 55%, 
Native g r a s s  establ ishment  
S a t i s f a c t o r y  s t ands  of n a t i v e  p r a i r i e  g ra s ses  were e s t a b l i s h e d  us ing  
a hydroseeder,  Seedbed preparat i .on appears t o  be  necessary f o r  establ ishment .  
No establ ishment  was observed i n  overseeding i n t o  e x i s t i n g  roads ide  vegetat.ion. 
Vegetation dynamics 
Very l i t t l e  change was observed i n  vegetation subjected to  mass- 
spraying procedures i n  three years of study. In  non-sprayed p lo ts  there  was 
s ignif icant  increase i n  t o t a l  cover and number of species per plot .  Relative 
grass cover decreased while re la t ive  cover of annuals and perennial herbs 
increased, No s ign i f ican t  change was observed i n  cover of woody vegetation. 
Clover, sweet clover and giant ragweed were ident i f ied as annuals increasing 
most i n  cover. 
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APPENDIX 2--Additional species mentioned in the report text. 
Coinmon Name 
Grasses 
big bluestem 
little bluestem 
green foxtail 
yellow foxtail 
side-oats grama 
barnyard grass 
indian grass 
s tinkgrass 
switch grass 
Canada wildrye 
Scientific Name 
Andropogon gerardi 
Andropogon scoparius 
Setaria viridis 
Setaria leutescens 
Bouteloua curtipendula 
Echinacloa muricata 
Sorghastrum nutans 
Eragrostis cilianensis 
Panicum virgatum 
Elymus canadensis 
purple prairie clover Petalostemon purpureum 
white prairie clover Petalostemon candinum 
horsetail Equisetum arvense 
kochia ICochia scoparia 
scouring rush Equisetum laevigatum 
thimbleweed Ratibida columnif era 
Canada thistle Cirsium arvense 
